Today there is significant information indicating an effect of prolactin on the prostate gland. It has been shown to be involved in mechanisms leading to the synthesis of some proteins such as PSA and cathepsin D, synthesis of citrate and accumulation of zinc. Also, at the behavioral level, prolactin is known to control some aspects of reproduction, including documentation on the physiology of the prostate and the possibility to trigger pathologies in this sex gland. Although the later still is not clear, there is a correlation between the level of prolactin and the presence of prostate pathologies. Thus, the aim of this review is to show how prolactin is involved in the progression of some pathologies of this male sexual gland.
Introduction
Prolactin (PRL) is a protein hormone that in vertebrates regulates several functions, including those related to glands involved in reproduction, such as the prostate. In the latter, PRL controls the zinc uptake, citrate synthesis, and the expression of both androgen receptor and cathepsin D. PRL also triggers pathologies in the prostate by still unknown mechanisms. Notwithstanding the controversy of whether it acts alone or in concert with androgens, what is certain is that the serum elevation of PRL has a significant relationship with the presence of hyperplasia or cancer of the prostate. However, to date there is a poor interest on the issue since most of the information suggests that androgens are the main hormone triggering prostate cancer. Thus, this paper is focused to show that PRL, alone or in combination with androgens, may also be responsible for promoting the development of the disease.
Prolactin in the Development and Physiology of the Prostate Gland
PRL is a peptide hormone with a sequence of 199 aminoacids in humans and 197 in rats, with sequence similarities to those of growth hormone (GH) and placental lactogen (PL). These three hormones share geometric, structural and biological characteristics; hence, they belong to the same family of proteins PRL/GH/PL [1] . Prl has a molecular weight around 23 kDa, and is stabilized by three disulfure links in residues of cysteine Cys 4 Figure 1 . PRL is synthesized mainly in lactotroph cells (or mammotroph) in the adenohypophysis [3] , and also by cells of the mammary gland, uterus, and placenta [1] . Interestingly PRL has also been reported present in the epithelial cells of the prostate gland, suggesting a local impact on the functioning of these cells [4] . It is also known that in synergy with androgens, PRL controls the growth and development of the prostate [5] . During normal development PRL triggers duct morphogenesis, and in adults, even in the absence of androgens, it induces the primary growth of the stroma, a process also observed in transgenic mice with over expression of PRL [6] . On the other hand, in rats it has been reported that PRL, along with androgens, stimulates the development and secretory activity of the prostate lobules, with the dorsal and lateral regions most influenced by this synergism [7] .
In adults, the main function of the prostate is to produce prostatic secretions, transferred to the urethra in response to sexual stimulation for formation of the semen. The content of this fluid is diverse, but only a few components are under the control of PRL. Thus, it is known that PRL stimulates the synthesis and/or accumulation of citrate and zinc, and activation of Bcl-2 (antiapoptotic protein) [8] [9] [10] [11] [12] [13] [14] . Also, it is reported that PRL stimulates synthesis of certain proteins in a tissue-specific way; e.g., prostatein in the ventral prostate, probasin and the secretory protein of the seminal vesicle (SVS-II or RWB) in the dorsolateral prostate. Although little is known about the function of these proteins, a relationship has been observed between prostatein and mammary and prostatic adenocarcinomas, and RWB with the sexual maturation of the gland [13, 15] .
The prostate is an accessory sexual gland participating in reproductive processes. It is known that following sexual stimulation, there is an increase in the expression levels of Cathepsin D, an enzyme synthetized by the prostatic epithelial cells and integrated into the prostatic secretion. The contact of a male with a female stimulates the production of this enzyme, but the production is greater if it is a non-contact stimulation [16] . Also in the prostate, sexual stimulation triggers the increase of receptors for PRL and steroid hormones, specifically increasing in expression of androgen receptors [17] , the long receptor to PRL [18] , and the signal pathways of STAT [19] . Although the relationship among these responding molecules is still unknown and the cell responses they evoke, it is clear that a sexual stimulus is highly specific to promote the synthesis and release of secretory components of the prostate needed for the semen to ensure survival of sperm, and in consequence, ovum fertilization. Although there are few studies incurporating the effects of sexual stimulation, reducing the number of PRL receptors does not affect the execution of sexual behavior [20] , but does alter fertility. Up to 20% of subjects were able to induce pregnancy but can become completely infertile with a longer time [5] . However, this is a topic that deserves further research. It has been observed that some human subjects with prostate pathologies have also a higher serum level of PRL [24] . Although it is unknown whether PRL causes the disease or the disease causes PRL increase, what is known is that after inducing an increase in serum PRL, the possibility of prostate pathology is significantly increased [25] . Hence, PRL is now considered as a risk factor in the etiology of prostate pathologies [26] . The idea is that PRL has something to do with prostate pathologies was first demonstrated in several studies with rodents. However, a conclusive demonstration has not been easy to demonstrate due to experimental protocols in use, as well as the possible role of androgens. In spite of this, and with recent evidence, it has been found that PRL can promote prostate cell growth [27, 28] by activating a mechanism dealing with the inhibition of apoptosis. In the LNCaP cell line, as an example, this process was observed when androgens were present [9, 29] . Also, it has been demonstrated that in synergy with androgens, PRL can promote cell survival and differentiation, and in the absence of androgens it increases the expression of the short and long PRL receptors, and activates the pathways of STAT and MAPK [4, 30] . Prolactin has also been proposed to induce nodular hyperplasia [31, 32] and dysplasia [13] .
Evidence of the
Studies from transgenic mice with an over expression of the prostate PRL gene [31] and in ArKo mice (without aromatase expression; [33] , a dramatic enlargement of the prostate associated with a decrease in the rate of apoptosis and no disease was reported. The same effect was shown in prostate cell cultures from the rat and human [30, 34] . Thus, it has been proposed that a pathway that seems to be independent from androgen actions evokes PRL effects.
As can be appreciated, evaluation of PRL effects is not an easy task because some pathologies require the presence of androgens, whereas others can be triggered just in the presence of PRL. The questions raised are Why?
and How?. Although the answers are unknown, they could be analyzed by the number and type of genes that become activated by PRL to induce pathology, such as in intraepithelial neoplasia [35] . However, there still is a long way to go in order to decipher the mechanisms activated by PRL that modify prostate morphogenesis.
Normal Pathways for PRL Signal Transduction
The pleiotropic function induced by PRL in different tissues, including the prostate, starts with the link to a specific membrane receptor, the prolactin receptor (PRLR). It has been identified as a glucoprotein in several tissues and species, and belongs to a superfamily of receptors of the cytokine 1 type [5, [36] [37] [38] . There is diversity in the isoforms of the receptor as a result of alternative splicing of the RNA synthesized from a single gene. The resulting receptors are different in length and composition of their intracellular domain (DIC), but they are similar in their extracellular (DEC) and transmembranal domains (DTM). In this sense, in humans 4 isoforms are described, a long one (L), a intermediate (I), and two short (S1a and S1b); in the rat there are 3 isoforms, the L with 591 aa, I with 393 aa, and S with 291 aa; and in mice there are also 4 isoforms, the L (589 aa), and three S (S1 with 291 aa, S2 with 284 aa; and S3 with 273 aa) [2, 39, 40] Figure 2 .
The complex PRL-receptor (PRLR) can activate different pathways of intracellular signaling [41] , including Stat (signal transducers and activators of transcription proteins). This group of proteins has 5 isoforms known as Stat 1, Stat3, STAT5a and b, and Stat6 Figure 3 . The activation of each subunit is different depending on the physiological stimulus. During sexual behavior it was demonstrated that such stimulus induces modifications in the level of activation of Stat1 and 3 in the prostate. The level of activation of these 2 isoforms is increased with a second consecutive ejaculation in rats, and response of Stat3 was greater than Stat 1. Also, translocation of Stat3 protein to the nucleus was demonstrated, suggesting its role in the regulation of genes probably related to the synthesis of Cathepsin D [16, 18] , increased during sexual behavior, and probably with regulation of those genes related to cell proliferation.
The other groups of signal pathways used by PRL are the mitogen-activated protein kinases (MAPK), also known as ERK [42, 43] . MAPK was the first group identified from all signal proteins, and is constituted of two proteins with molecular weights of 44 and 42 kDa. The two phosphoacceptor groups of Tyrosine and Threonine, once phosphorylated, activate the MAPK [44, 45] . However, both proteins have different functions, while ERK2 participates in cell proliferation, ERK1 regulates ERK2 negatively [46] . This signal pathway has a main function in cell proliferation, but in the prostate it also regulates survival, growth and apoptosis [47] . Although there are several studies of ERK1/ERK2 in the prostate, to date it is still unknown how they are related to the physiology of the gland and their role when the gland is activated by PRL. However, some studies from cell lines derived from prostate cancer have shown that ERK regulates proliferation, growth and cell survival when it is activated by growth factors or even androgens [47] . On the contrary, it was shown that PRL is unable to activate this pathway when it is added to organ culture [8] .
Another group of signal pathways used by PRL to induce effects on prostate epithelial cells is the JNK/SAPK [48] . These kinases have a molecular weight of 54 kDa [44] , which, similar to the ERK 1 and 2, requires the phosphorylation at Threonine and Tyrosine sites to become activated. They respond to several stimuli such as UV light, X-rays, hydrogen peroxide, and some hormones including interleukine 1-β (1L-1β), growth factors, and PRL [45, 49] . These kinases participate in different functions such as proliferation, oncogenetic transformation, differentiation, inflammation, development, and apoptosis [50] . However, in the specific case of prostate cells, it was observed that following activation of this pathway by PRL, growth could be the result of inhibition of cell apoptosis, with few effects on cell proliferation. This suggests that PRL promotes the survival of PC3 and DU145 cells, instead of promoting cell proliferation when this signal pathway is activated [51] . There is sufficient information showing that these signal pathways become active during prostate pathologies, although there are few studies making a correlation of these pathways with PRL effects. Hence, to date it is still unknown which proteins and genes are activated for the induction of prostate pathologies by PRL, neither is it known what occurs in subjects with sexual experience.
Alterations in PRL Signal Transduction to Induce Progression of Prostate Cancer
Now it is clear that PRL regulates the prostate by promoting the synthesis of semen components, and influences the expression of some genes by itself or along with androgens. However, its function seems to be dual because it also can modify the prostate in its physiology and morphology in such a way that leads to several kinds of disease states [9, 52] . The mechanisms to trigger those events can be diverse, but briefly they can be summed in three steps: the first includes the elevation of systemic levels of PRL, the second is in relation to a higher density of its receptors, and the third is related to the alteration in the signal pathways activated following PRL stimulation. The sum of all of them will finally generate prostate pathologies. In humans, hyperprolactinemia (HyperPRL) caused by a prolactinoma or any other disorder in the hypophyseal system, is one of the most frequent pituitary clinical diseases. In the short term, the frequent effects of hyperPRL in males are infertility, low sexual desire, and sexual impotence; while in the long term it can generate prostate diseases. Although the latter effect is not conclusive at all, there is a high correlation between HyperPRL and prostate diseases [53] . No matter that controversy exist whether PRL triggers prostate diseases, a fact is that this sex gland has receptors for this hormone that promote proliferation once activated by PRL [54] . What are the mechanisms to trigger those effects? To date they are not known, but it has been shown that one of them includes receptor modulation, that is, the receptor affinity changes as a consequence of the increase in PRL levels [55] . Such change is due to the modification of the lipidic flux, which makes the receptor to be oriented in such a way that increases its probability to receive the hormone [56] . Also, another mechanism proposed is a higher expression of a single receptor type [54] . This was also observed in our lab, the expression of the short receptor was increased after short treatments of hyper PRL for 15 days of hyperPRL [57] . Modulating receptor expression is not just a response to serum levels of PRL but also the degree of the disease, that is, an increase in the expression of PRL receptors has been found in dysplastic tissue, but reduced in a more malignant tissue. This suggests that PRL plays an important role in the induction, development and maintenance of the malignant stage and participates in the early neoplasic transformation, but not in more developed stages [42] .
In the case of signal pathway variations observed in the expression of different STAT isoforms, the individual forms were dependent on the actual pathology of the prostate. STAT3, for example, was found to increase in the cell line LNCaP [58, 59] , and also during the transformation process leading to the refractory prostate cancer [60] . Also, STAT3 is continuously active in the epithelium of malignant prostates and this activation has been associated with advanced cancer. In those subjects with metastasis, STAT3 is 67% more active with a direct correlation with the serum levels of PSA and with the degree of the pathology according with the Gleason scale [61] . On the other hand, in DU145 and PC-3 cells, it was shown that STAT3 promotes cell migration because it induces the formation of lamelipodia as a consequence of the rearrangement of actin and microtubules [62] . Activation of STAT 5 a/b was observed in the induction of histological changes, and a transcriptional modification in STAT 5a/b is necessary in order to promote development of cancer, that is, expression of a truncated form at the amino terminal of this isoform avoids the repressive action of the inhibitory protein PIAS3 (protein inhibitor of activated STAT) and allowing increased cell proliferation [63] . Also, increased activation of the MAP kinase pathway is found in prostate diseases. In prostate tissue samples with hyperplasia, intraepithelial neoplasia or undifferentiated tumors, a strong activation of the MAP p38 is observed, but such activation is not observed in those tumors with some differentiation. Likewise it was shown that inhibition of this pathway could slow down proliferation of PC3 cells [47] . Finally, there is also evidence indicating that the PI3/AKT pathway is implicated in pathologies of the prostate, as this pathway is highly active in LNCaP cells from human carcinoma [64] . The question is: how are these pathways related to PRL for triggering prostate diseases? The few data in this regard indicate that PRL can maintain the activation of these proteins in epithelial cells and by this means promote proliferation and survival of cells in the hyperplastic and cancer tissues [38, 47, 65] . In other words, activation by PRL of the STAT 5 a/b pathway via Janus Kinase-2 promotes development of cell proliferation, because its inhibition makes the cells enter apoptosis [63] , and apparently MAPK does not seem to participate in this process [8] .
Alterations in Transduction Pathways of PRL. Relationship with the Androgen Receptor
As far as can be determined, hyperprolactinemia alters prostate morphology and the extent of these effects differ depending on the degree and duration of elevated PRL exposure [66] . The mechanisms for this could include changes at the PRL receptor level and signal pathways, but also they could be related to the androgen receptor. The prostate is highly dependent on androgens to orchestrate its appropriate functions, and involution of the gland occurs when this steroid is absent. In vitro studies have shown that decrease in the expression of PIAS1 and SRC1 in hormone-refractory tumors alters the transcriptional activity of the AR, suggesting that these cofactors could be involved in the progression of prostate cancer [67, 68] . Likewise, diverse mutations in the AR could be another mechanism that lead to or maintains the growth of prostate tumors [69] . However, it is also known that the effects could be mediated together with other hormones such as PRL, which is known to be able to alter the morphology of the prostate Figure 4 . Thus, regulation of prostate pathologies seems to rely on complex events that include at least both of these hormones.
It was observed that hyperprolactinemia, induced by an implant of hypophyseal tissue, produces an increase in the weight and DNA content of the lateral lobule of the prostate and a higher concentration of AR in the nucleus. Since hyperprolactinemia produces a decrease in the concentration of testosterone in blood [9, 70] , it was proposed that PRL can promote the growth of this lobule by increasing the density of the nuclear AR and by this mean optimize the response to circulating androgens [15] . However, the increase of both its protein and its messenger RNA, can be decreased as a consequence of the permanent activation of the Ras-Erk pathway [71] . Also, an increase in AR concentration was observed in hyperprolactinemic subjects that do not show the aromatase enzyme. Under these conditions, an enlargement of the gland was found with some hyperplasic areas [33] . The effects genererted by PRL and AR are not only related to activation of the MAPK pathway but also to that of STAT, which also seems to be implicated. An association between the AR and STAT at the nucleus level was reported and it was proposed that it could be another mechanism for PRL to induce cell proliferation in the prostate [43, 72] .
The pathological effects of androgens and prolactin also seem to be mediated via activation of the c-myc protein (Figure 3) , that has a role in cellular proliferation and apoptosis [73] . In physiological conditions it was reported low levels of this protein but in pathological conditions there is an increase. Thus, in the hyperplasic prostate gland of humans it is found high levels of c-myc, and it also occurs in the intraepithelial neoplasias and cancer, with the effect seen mainly at the nucleus level [74] , where a high rate of gene transcription is observed as a consequence of the acetylation increase [75] . On the other hand, it has been reported a stepwise increase of this protein, from the normal tissue to a low and high intraepithelial neoplasia [74] . The increase in the pathological tissue is by activation of the PI3/Akt and MAPK pathways and both of them may act in concert to upregulate the c-myc [76, 77] . The overexpression of c-myc in prostate cancer also seems to result from a downregulation of a set of microRNAs such as miR-34a [78, 79] , or because of a decrease in androgen actions through the let-7c microRNA [80] . Furthermore, it has been shown an over expression of c-myc induced by PRL in lymphoma cells through activating the cascade PI3/Akt [48] .
In conclusion, to date, the existing information on how PRL can induce prostate pathologies is far from being conclusive. However, what we have observed at this time is that, along with aging of the subject, serum levels of PRL are increased while those of testosterone are decreased, and this hormonal imbalance can be the appropriate means to trigger prostate pathologies, induced mainly by PRL. In other words, the rise of PRL during aging is the key for the presence of prostate pathologies. The question raised is: how does PRL trigger the pathologies? The response is still unknown and neither can it be explained by only the increase in the density of its receptors or by the activation of signal pathways, because the latter are poorly convincing. A second question that we must keep on mind is: is it important to know whether the signal pathways are activated (transient or continuous activation; rapid turnover versus extended binding of PRL by its receptors) or it better expected that prolonged activation of involved pathways leads to activation of additional genes with changes in tissue characteristics and development of pathology? No matter the technological advances and the tools existing today, it is still a difficult issue to deal with these questions, but not impossible. We just require the sum of efforts to understand the generation of this kind of disease.
The mechanisms used by PRL to induce prostate pathologies seem to be quite varied, but the information obtained to date suggests that this hormone can induce prostate pathologies and proliferation via PI3/Akt and MAPK pathways activation, by overexpression of c-myc, as well as by inhibition or activation of some microRNAs such as the miR-341a and let-7c. However, it still remains to analyze how they are related in order to promote cellular migration and also how these proteins affect the cytoskeleton, that is necessary not only to maintain cellular form but also required to maintain the cell attached to the extracellular matrix; questions that are just started to be addressed.
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